extracellular milieu [9] . High levels of NS1 are found in the circulation of dengue virus-infected patients during the acute phase of the disease. In addition, NS1 is strongly immunogenic, and anti-NS1 antibodies play a role in protection against disease [10] [11] [12] . Despite the importance of NS1 to the dengue infectious process, genetic variations in the NS1 gene over time and in different geographic locales for DEN-2 have been less well described than those of other serotypes of dengue virus and variation in the E gene [13, 14] . Nucleotide sequence analysis of dengue virus is useful for defining genetic variations between isolates of the same serotype, tracing the geographical migration of strains, and determining the evolutionary origin of epidemic DEN viruses [5, [15] [16] [17] [18] . Recently, DEN-2 isolates were classified into six genotypes distributed in different geographic localities, according to the analysis of Twiddy et al [7] .
Epidemics of dengue in Taiwan have been documented in 1902, 1915, 1922, 1927, 1931, and 1942 − 1943 [19-21] . No dengue cases were reported between 1943 and 1981, until a dengue-2 outbreak occurred in Hsiao Liu Chiu District, an offshore island in southwest Taiwan [20, 22] . This was followed by a large dengue-1 epidemic in 1987-1989 and a small dengue-3 epidemic in 1998 in southern Taiwan [23] . In 2002, a large dengue-2 outbreak occurred between June and December in southern Taiwan, and more than 1,200 cases, including DF and DHF cases, were reported [24] . To investigate the genetic variability and evolutionary character of the DEN-2 isolates from the 2002 Taiwan epidemic, we analyzed the genomic sequences of the E and NS1 genes of ten DEN-2 isolates and compared them with previously published sequences for Taiwan isolates and global DEN-2 viruses following the genotyping scheme proposed by Twiddy et al [7] .
METHODS

Virus isolates, cell line, and clinical definition
Ten DEN-2 isolates from the Taiwan outbreak between July and December 2002 (Table 1) were obtained from the Department of Laboratory Medicine, Kaohsiung Medical University Hospital, Taiwan. The isolates, which were originally obtained from serum samples from patients, were cultured in the Aedes albopictus cell line C6/36, as previously described [25] . C6/36 cells were grown in Eagle's minimum essential medium supplemented with 10% fetal bovine serum and 2% nonessential amino acids. The resultant viruses were analyzed in the present study. Definitions of DF and DHF were according to established criteria [26] . TW01-02  DF  EF016250  EF486507  EF016250  2002  Cosmopolitan  TW32-02  DF  DQ472144  DQ472144  DQ472144  2002  Cosmopolitan  TW34-02  DF  EF016251  EF486508  EF016251  2002  Cosmopolitan  TW35-02  DF  DQ472145  DQ472145  DQ472145  2002  Cosmopolitan  TW37-02  DF  DQ472146  DQ472146  DQ472146  2002  Cosmopolitan  TW47-02  DF  EF016252  EF486509  EF016252  2002  Cosmopolitan  TW54-02  DF  DQ472147  DQ472147  DQ472147  2002  Cosmopolitan  TW71-02  DF  EF016253  EF486510  EF016253  2002  Cosmopolitan  TW75- The following RT-PCR program was used: 37°C for 1 hour, 94°C for 5 minutes, followed by 40 cycles of 95°C for 1 minute, 55°C for 30 seconds and 72°C for 1 minute, and a final elongation step of 72°C for 5 minutes. Two fragments of 1773 bp and 1217 bp, including the entire region of the E gene (1485 bp) and the NS1 gene (1056 bp) respectively, were amplified.
Cloning and sequencing
The amplified PCR products were purified using the GFX TM PCR purification kit (Amersham Biosciences, Buckinghamshire, England). After purification, PCR products were cloned into the yT&A vector (Yeastern Biotech, Taipei, Taiwan) at room temperature for 2-3 hours. The ligation mixtures were used to transform competent JM103 cells and the transformed cells were plated on LB agar plates containing 5-bromo-4-chloro- 
Phylogenetic analysis
Our sequence results were compared with worldwide sequences from GenBank with the GenBank accession numbers shown in Tables 1 and 2 . Among them, seven sequences of the E gene from Taiwan isolates in 1981, 1987, 1998, 2001 and 2005 were available. Our sequences were compared with E and NS1 gene sequences available in GenBank and to the New Guinea C strain (NGC), a prototype strain of DEN-2. Alignments of the entire E and NS1 gene sequences were undertaken using the CLUSTAL method of DNASTAR MegAlign (DNASTAR Inc., Madison, WI, USA). Two phylogenetic trees were constructed by the neighborjoining method using Molecular Evolutionary Genetics Analysis (MEGA), version 3.0 software. The reliability of the neighbor-joined trees was estimated by bootstrap analysis with 1,000 replications.
RESULTS
Nucleotide and amino acid sequences
Differences of 5.3-5.7% and 6.5-6.9% were evident in the DEN-2 E and NS1 gene nucleic acid sequences, respectively, of the isolates gathered during the 2002 Taiwan dengue epidemic, as compared with the prototype DEN-2 strain NGC. No base insertions or deletions were found among the 10 isolates regarding E and NS1 gene sequences, although both transitions and transversions were detected. The transition:transversion ratios of the E and NS1 gene were 72:11 and 64:9, respectively. The amino acid sequence differences were 0-0.6% and 0-0.9% for the E and NS1 genes, respectively, among the 2002 DEN-2 strains, indicating that an epidemic strain caused the outbreak. With the exception of three isolates showing amino acid changes, the NS1 amino acid sequences from all 2002 isolates were the same. No significant differences in gene and amino acid sequences were evident in eight DF and three DHF samples.
Phylogenetic analysis
The genetic relationships among worldwide isolates were inferred by the neighbor-joining method based on the 1,485 nucleotides of the E gene and 1,056 nucleotides of the NS1 gene in GenBank. A divergence of 6% within the studied gene region was taken as a cut-off point for virus groupings based on previous studies with the same E gene interval and short sequences at the E/NS1 junction [27, 28] . Six genetic groups, each representing a distinct genotype based on E gene analysis, are shown in Figure 1 . There is less DEN-2 gene sequence data available for the NS1 gene than there is for the E gene. The NS1 gene phylogenetic tree for DEN-2 revealed the same grouping results as the E gene phylogenetic tree, but with a lower bootstrap support value for each branch ( Figure 2 ). Taiwan is near dengue-epidemic Asia/Pacific Rim countries, and there had been a period of no dengue cases for 37 years, the various genotypes of DEN-2 isolates in different years suggested the import of dengue virus from different places at different times, rather than a continuous clonal transmission in Taiwan. A study of Taiwan dengue isolates from 2005 indicated that the spread of DEN-2 and dengue virus serotype 3 strains from Vietnam and the Philippines caused the outbreak. This provides molecular epidemiologic evidence that the Taiwan dengue outbreak in 2005 was related to dengue virus imported from Southeast Asia [29] .
DISCUSSION
All of the 2002 Taiwan DEN-2 isolates belonged to the Cosmopolitan genotype and had a much closer relationship to a Philippines strain, 01St41801, which was found to be closely related to viruses from Australia, Singapore and Thailand [30] . An earlier Taiwan strain (TW-L10052) isolated in 1987 belonged to the Asian 1 genotype and clustered with many [30] . A similar trend for DEN-2 genotypes over time in Taiwan and the Philippines suggests that the international spread of dengue virus causes the same genotype changes in nearby countries. E gene sequencing has been widely used to assess the phylogenetic relationships among DEN-2 isolates [7, 30] . In contrast, the phylogenetic significance of the NS1 gene of DEN-2 has not been extensively studied [13, 14] . There were nucleotide mutations observed in the NS1 and NS5 genes, but not in other genes, in the 1997 Cuba outbreak [31] , indicating the higher mutation rate of the NS1 gene during an epidemic (which could be a valuable molecular epidemiology tool during an epidemic outbreak). The difference in the sequence of the NS1 gene between the 2002 Taiwan DEN-2 isolates and the DEN-2 prototype strain is larger than the difference in the sequence of the E gene between these strains (6.5-6.9% vs. 5.3-5.7%).
Compared with the E gene, a relatively small amount of NS1 sequence data for DEN-2 is available in GenBank. Comparison of the phylogenetic trees from studies of the E and NS1 genes reveals a similar grouping, but with a lower bootstrap number. Our result did not validate the use of the NS1 gene for phylogenetic studies owing to the small number of sequences available and the lower bootstrap support for DEN-2. Furthermore, NS1 gene sequences obtained from different areas and at different times are necessary to identify the usefulness of the NS1 gene for phylogenetic analysis.
In summary, the same grouping result is obtained using the NS1 gene or the E gene for phylogenetic analysis of DEN-2. Our result indicates that the isolates of the 2002 Taiwan DEN-2 epidemic are clonally related and belong to the Cosmopolitan genotype. Four genotypes of Taiwan DEN-2 since 1981 by E gene analysis suggest that DEN-2 in Taiwan has mainly originated from other countries.
Continuous monitoring of the dengue virus genotype in combination with a worldwide database may help improve the understanding of viral genotype shifts locally and their relationship with worldwide epidemiology.
